The present contribution is devoted to the analysis of a fragment of a potter's wheel, made of baked clay, discovered at Abu Tbeirah during the survey of winter 2012. The focus of the discussion will be the surface treatment of the fragment, specifically the series of regularly-spaced perforations arranged in concentric bands, which offers clues to the actions and choices made by the Sumerian potter.
The Mesopotamian potter's wheel in the archaeological record and reconstruction of its use
Pottery production in the 3 rd millennium BC certainly involved the use of a wheel, at least for the most common shapes of drinking vessels, such as conical bowls and beakers, which show all the characteristics of mass production by wheel. They are usually badly thrown, and exhibit the typical string-cut base produced while detaching the vessel from the wheel with a string.⁶ Of course the use of other techniques is also attested. At Abu Tbeirah, for example, jars and other big vessels show clear signs of wheel-throwing for the lower part, coiling for the upper part, and other hand-making techniques as well. These include not only the application of ring bases, feet or handles, but also pinching for the forming of small jars and of small objects.
During the 2014 campaign we started to use X-ray analysis on the pottery vessels excavated. This was carried out at the Al-Hikma X-ray Centre in Nasiriyah. The photographs show clearly the use of the wheel, not only for the manufacture of conical bowls and beakers, as described above, but also for small plain-rim jars (up to 1 litre in volume). Larger shapes, on the other hand, are coiled, and sometimes finished off on the wheel. The use of the wheel is evidenced by the presence of a spiral created by the oblique orientation of the particulate matter, and by the oblong voids generated by the centrifugal force. As can be seen from the photograph ( fig. 1 ), the distance between the spiral volutes indicates the speed of the wheel: lower in AbT.14.194.6 , and higher in AbT.14.224.2.
While it is possible to recognize the use of the wheel on the pottery produced from them, supporting evidence for wheels, and indeed for other relevant tools employed, is rather elusive. As Moorey (1994, 141−166) pointed out, there is no certain iconographic evidence for the potter's wheel, and it is an item underrepresented in the archaeological record. Very few wheels, in fact, have been reported from Mesopotamia to date. The earliest attested one was found by Woolley at Ur, in the 'Ubaid levels of Pit F (Woolley 1955, 28) . It is a disk of baked clay, with a group of holes converging to a point near the edges of the upper surface ( fig. 2 ). Similar finds have been made at Uruk (fig. 3; Heinrich 1935, 25, pl. ISA) , Adab, Tell Gubba, Tell Yahudiyah (Postgate 1990, 103 f., pl. XVIIb), Khafajah (fig. 4; Delougaz/Lloyd 1942, 101, fig. 95 ) and Abu Salabikh ( fig. 5 ). Dimensions and other details are given below.⁷ By contrast, wheels discovered at Tell Kannas (Trokay 1989, 170) , Tell Yelkhi (Quarantelli 1985, 56, fig. at p. 161) and Nippur (University Museum, n. 8738A: Moorey 1994, 147) were made of stone, and thus can be compared to another type of tool that is frequently attested in the Syro-Palestine region: a two-part stone device, both elements nearly circular, the one with a pivot that fits into the concave depression in the other part.⁸ The pivot was probably lubricated with some form of vegetable grease to 7 Dr Ahmed Kamil, Director of the Iraq Museum, whom I here thank wholeheartedly for his suggestion, told me of a similar wheel discovered at Tell an-Nemel and now stored in the Iraq Museum. 8 For the two-part stone tournette see the recent summary by Fiaccavento (2013) . For previous bibliography see: Macdonald (1932, 7, pls XXII:21, XXVIII:24) ; Engberg/Shipton (1934, 40); Childe (1954, 200) ; Tufnell [e. a.] (1958, 90 f., 247, 291−293, pl. 49.12); Yadin [e. a.] (1958, 77, pl. 87.24); Dothan (1959, 27 f., fig. 8:16, pl. 2:F) ; Yadin [e. a.] (1960, 110); Yadin (1972, 32 f., 49−51) ; de Vaux/Stève (1947, 405); Loud (1948, 185, pl. 268:1, 3) ; Maisler [e. a.] (1952, 170); Dorrell (1983, 560 and fig. 231: 25 pl. 21:b) ; Pelta (1996); Herr (1999, 112) Thalmann (2006, 194, pl. 135 :2); Roux/de Miroschedji (2009, 157 f.); Nigro (2010a, 73) ; (2010b, 567 f.); Nigro/Sala (2011, 93 f., figs 11 f.). In addition, see the gypsum wheel discovered at Tell Abada (Jasim 1983, 169; 1985, 97, fig. 91a and b) . reach a reasonable rpm, though not one high enough to throw an entire vessel: it is thus possible to define this tool as a tournette, or slow wheel, used for building pottery vessels by hand, for example by coiling, or for refining or decorating vessels after shaping.
The typical Mesopotamian potter's fast wheel should therefore be reconstructed as a large (up to 1 m diameter) baked clay disk, with a central pivot around which it can rotate and gain enough momentum to reach the necessary speed, and maintain sufficient kinetic energy, to throw a complete vessel.⁹ According to Woolley (1955, 28) , the central pivot was probably smoothed with bitumen, to judge from the traces found by him on the Ur specimen (Cat. No. 1). The way in which this wheel was used is still not completely clear. As stated by Moorey (1994, 146) , one can assume the presence of a low or high central pivot (of organic material, such as wood, or of stone) around which the wheel was turned by the potter or by his assistant. Other elements: 5 bands of small holes (1 cm in diameter) on the surface of the wheel ("most of them did not seem to pierce the whole thickness of the disk"). References: Delougaz/Lloyd (1942, 101, fig. 95 Postgate (1990, 103−104, Pl. XVIIb, c) . (Postgate 1990: 103-104, Pl.XVIIb, c) and reconstruction. 
The Potter's Wheel from Abu Tbeirah
The Abu Tbeirah potter's wheel ( fig. 6 ) was found in 2012 during survey on the North Eastern area of the site, where traces of various craft activities relating to the last phase of the settlement had already been recognized (DʼAgos-tino/Romano, in press). This area extends to c. 100m 2 , with a higher concentration of finds in square EXIV. Its maximum elevation is 4 m above the surrounding countryside, excluding a small mound created by the recent excavation of a large, shallow trench.¹⁰
The fragment of the baked clay disk was found in square EXIV (Point 1; fig. 8 ), partially covered with salt encrustation. It is 27cm long, with an average thickness of 5cm, and weighs c. 3 kg. Its coarse fabric is pierced by a series of perforations arranged in arcs, 12 preserved altogether, 9 of them complete.¹¹ No use-wear or traces of burning were found on it. It was immediately clear that the fragment belonged to a big clay disk very similar to that found in Khafajah¹² and interpreted as a potter's wheel. On this basis, the original artefact is reconstructed as having had a diameter of 80cm and a weight of at least 25 kg (Fig. 7) .
Notwithstanding, there are unsolved questions, in particular concerning the function of the small holes in the surface, and not only on the Abu Tbeirah wheel. The most obvious possibility is that they were there for the potter to place a stick in, to facilitate rotation of the wheel (Woolley 1955, 28) , as is known from Indian contexts (Evely 1988, 114. 116 fig. 14) . The Abu Tbeirah wheel, however, does not show any use-wear on the holes, neither have abrasions been observed on the other published wheels.
The perforations could be to assist the flow of the water necessary for shaping the vessel: the amount of water used in pottery shaping is, in fact, very considerable and holes on the wheel can help it to flow. In modern pottery workshops the electric wheel is equipped with a plastic water collector called a "splash-pan". But our holes are too small to allow for the easy flow of the viscous mix of water and clay that is typically produced during the shaping of a vessel on the wheel.¹³ 10 A rectangular area has been excavated recently in the N-E part. The regular shape of the resulting mound of soil suggests the use of a modern machine. During the fourth campaign this artificial mound was partially sieved to assess the extent of the damage caused by this activity. 11 Very frequent vegetal inclusions are clearly recognizable both from the surface and the section of the piece. 12 Delougaz/Lloyd (1942, 101, fig. 95 − here Cat. No. 4 − fig. 4) . 13 My profound thanks here to Matilde Tibuzzi, pottery designer and restorer, for this suggestion.
The presence of holes on the surface could -according to several scholars -be evidence against the direct application of clay to the wheel:¹⁴ according to them, a completely smooth surface is necessary for the optimum throwing of a vessel. Evely (1988) , for instance, analyzing Minoan potters' wheels of Type 3C (ʻflywheel disc and collarsʼ) and Type 4, with incised patterns and grooves on the surface,¹⁵ suggests that these incisions can be an "excellent keying for any adhesive substance" (Evely 1988, 110) . He presents also a reconstruction, according to which raw clay is used to fix the wheel not only to the lower support but also to an upper disc, on which the potter actually throws the vessel (Evely 1988, fig. 10 ). This upper disc would be similar to the modern bat, a base attached to the wheel-head before throwing, allowing completed pieces to be removed from the wheel without damage or malformation. A pot thrown directly on the wheel and removed with wire runs the risk of becoming deformed or torn, getting dropped, or having handprints left in the clay. Thus, according to this hypothesis, another advantage of using a bat is that the potter can remove a finished vessel and begin work on a new piece while the previous one is drying. The modern equivalent is the presence on wheel heads used by contemporary potters of at least two holes, to accommodate the pins to fix a bat ( fig. 9 ).¹⁶ Nevertheless, it is difficult to imagine that the small holes in Mesopotamian wheels were used to take pins from a bat, as there would be no need for the high number of holes, and their irregular spacing and form would not allow for easy fixing. So another function must be sought for the bands of holes in the Abu Tbeirah and other Mesopotamian wheel-heads, and for the concentric circular grooves in the Uruk one ( fig. 3) .
A comparison of the ancient wheels with modern ones can come to our aid here. In fact, modern potters' wheels, made of cast aluminum, are marked with concentric circles (resembling very closely the Uruk potter's wheelCat. no. 3): without inhibiting direct application of clay to the surface, so obviating the need for a bat,¹⁷ these circles 14 We cannot suppose that the holes were made to balance the weight of the disk, as they were made before firing. 15 Evely (1988, 101−106) . The Minoan specimen most similar to the Mesopotamian ones belong to Type 3c, though definitely smaller than those found in Iraq, as he states. See also experimental reproduction by Evely/Morrison (2010) . 16 The fact that modern potterʼs wheels have both circular incisions and holes means that two different explanations must be sought for these characteristics. Moreover the presence on the Uruk wheel (Cat. n. 3) of depressions only speaks against the assumption of the use of bats for Mesopotamian wheels (and possibly also for the Minoan one). 17 See preceding footnote.
are in fact to guide the centering of the clay. We wonder whether a similar interpretation can explain the holes on the Abu Tbeirah and other Mesopotamian wheel-heads.
The Function of the Bands of Holes
To determine whether the bands of holes on the Abu Tbeirah wheel were used to help the Sumerian potter centre his clay while producing standardized vessels, the following method has been followed. Firstly, the wheel was completely reconstructed, on the basis of potters' wheels with holes discovered in other Mesopotamian contexts. Then the bases of vessels recovered from the excavations at Abu Tbeirah were examined for any correspondence between the spacing of the bands on the wheel and the dimensions of the bases.
As can be seen from the reconstruction (Fig. 7) , the Abu Tbeirah wheel must have had a minimum of three bands of holes, and a maximum of four, with the innermost band c. 10cm in diameter (though the innermost band might have had a smaller diameter). The preserved holes do not form perfect circles, so their diameters, along with the ones we reconstructed, have been hypothesized using the average distance among the circumferences. If the concentric bands were used for centering the clay for vessels of different size, Abu Tbeirahʼs potters would have used the innermost band to throw small vessels with a maximum base diameter of c.10cm and the other bands for larger ones.
In support of this hypothesis, a number of bases of wheel-thrown (or wheel-coiled) vessels found to date at Abu Tbeirah have been analyzed: a total of 529 sherds and entire vessels has been considered, from every phase and context excavated since 2013 (see Table 1 ). The assumption is made that all wheels used in Abu Tbeirah were built with approximately the same characteristics, and that there was no significant change to the basic tool over the generations of potters active at the settlement.¹⁸ From the analysis¹⁹ it is clear that there are some gaps between the size groups in the bases dimensions, and that these gaps seems to correspond approximately to the bands of holes on the Abu Tbeirah wheel. The smallest bases range from 2.5cm up to c. 8cm in diameter (for a total of 488 vessels). Only 6 bases have a diameter between 9 and 10cm, and 27 bases have a diameter in the range of 11 to 18cm.²⁰ Another 7 vessels have a base diameter ranging from 24 to 35cm and only 1 base has a diameter of 40cm.
The groupings show up clearly in Table 1 , and in the graph in Fig. 10 .
It is probable that the Abu Tbeirah potters preferred using the innermost bands, where the rpm were higher, and where it was therefore easier to throw vessels. Most of the vessels thrown on the wheel are in fact the mass-produced beakers and cups, and small jars of up to a litre in volume. They were quickly shaped from the clay lump centered on the wheel with the aid of the markers.²¹ The necessity of mass-production and the absence of precise centering, combined with a relatively slow speed of the wheel, all surely contributed to the poor shaping and asymmetry of these small vessels. Larger containers were, by contrast, manufactured through other techniques, such 20 The possibility should also be considered that the inner band was smaller than the 10cm reconstructed. In fact, while there is a certain continuity among the base diameters from 3 to 8cm, there is then a gap of 1cm (between 8 and 9): this gap could correspond to the real dimensions of the inner band, so 8cm in diameter if this were the case. 21 It is possible that the potter took a large big lump of clay, shaped an approximate cone, and then threw from it several vessels, cutting each base with a string (see Laneri 2009, 56 fig. 8 I) . These vessels would then have had a smaller diameter than that of the band marked on the wheel and used for centering the clay. as coiling, though in some cases they were assembled or finished on the wheel, perhaps using the same device.²²
Comparison of the Abu Tbeirah potter's wheel and other Mesopotamian wheels
Unfortunately, as already said, baked clay potters' wheels are underrepresented in the archaeological record and every comparison should be considered as an attempt to pinpoint, as far as possible, any similarities and differences. Those considered below have been redrawn on the basis of available photographs and drawings.
The maximum diameter attested is 90cm for the Uruk wheel and the smallest one c. 70 cm for the Abu Salabikh and Abu Tbeirah wheels ( Table 2) .
The concentric bands of holes (or concentric circular grooves for the Uruk wheel) are of different diameters, ranging from a maximum of 78cm to a minimum of 10cm. It is clear that there is no apparent standardization of wheels used at different sites (and in different historical periods). The same is also true if the distance between the 22 As mentioned above, X-Ray analysis of some vessels during the 2014 campaign shows in fact simultaneous use of differing techniques in the manufacture of pottery shapes of large dimensions.
bands of holes/grooves is considered (though as is evident from Table 3 the average difference is between 9 and 7cm). While we have shown that there is no uniformity in the dimensions of the wheels so far discovered, the procedure used in the production of standardized vessels by potters from different Mesopotamian contexts seem to be the same. Supporting evidence can be found in pottery from other contexts. In fact, as is apparent from the published pottery from Abu Salabikh (Moon 1987, 3−16) , there was also here a certain standardization in the dimensions of the bases: for example, the conical bowls range from 3.8 to 7cm (with most of them around 4.5/5cm), similar to those from Abu Tbeirah. Although the only example of a wheel from Nippur is a slow wheel (Moorey 1994, 146) , also here the conical bowl bases seem to range from 4.5 to 6cm (McMahon 2006, Type O-1). 
Concluding Remarks
The presence of the wheel, found far from the so-called ʻWastes Pointsʼ in the Craft Area N-E, seems to confirm that places of discard were located not far from the pottery production area. Abu Tbeirah was certainly a site suitable for this kind of productive activity: clay sources were near, as well as the necessary water sources (the canal crossing the site). The Nasiriyah countryside is still rich in clay sources, as demonstrated by the fact that local potters still dig for clay a few kilometers east of Ur, as we learned from one of them during a visit to a potters' workshop. Clay was surely available in the near vicinity of the tell, but ongoing analysis on clays will be fundamental to our better understanding of the production choices made by ancient potters. One of the clear aims of the Mission is the reconstruction of a reliable pottery sequence for southern Mesopotamia in the 3 rd millennium BC, and pottery recovered from the surface as well as from the excavations points towards possible continual occupation of the site from the ED I to the late Akkadian period (though the final proof will come only from the ongoing radiocarbon dating of the context excavated during the most recent campaigns).²³ Nevertheless, another important line of research relates to the technological aspects of pottery production, and in this regard the discovery of a potter's wheel is of great importance. This attempt to determine how it worked, and to analyze ancient craft activity makes clear the necessity of looking for more precise answers, not only through ethnographic research, but also through experimental archaeology.
The analysis carried out for the Abu Tbeirah potter's wheel and the comparisons with similar finds from other Mesopotamian contexts provide, in fact, some hints on understanding ancient pottery technology, and point towards the identification of standardized procedures in pottery production, shared to some extent by different Mesopotamian pottery workshops.
Several experimental studies have been carried out to date on Mesopotamian pottery of the 2 nd millennium BC by A. van As and L. Jacobs (2014, with previous bibliography), focusing in particular on the procedures and actions made by ancient potters. These scholars, on the basis of experimental reproduction of ancient pottery vessels, confirm the use of several shaping techniques, comprising three main groups: throwing, turning and hand-forming (Van As/Jacobs 2014, 78 f.). The large baked clay wheel could be used for producing pottery by all three methods: the wheel could reach a high enough rpm to throw an entire vessel thanks to the fly-wheel effect, but could also rotate slowly to help the potter shape vessels by coiling or other hand techniques, and in applying and effecting decoration on the vessel surface. Moreover, the guides on the wheel allow rapid and easy centering of the clay or of the parts for coil-forming, thus, speeding up the entire procedure.
Future experimental research and the already planned reproduction of the Abu Tbeirah wheel will surely contribute to confirming, correcting or disproving the hypothesis proposed. However, it is certain that technological and experimental analysis, up to now underused in Mesopotamian studies, will provide an important contribution to the understanding of ancient technology and its evolution.
